ABSTRACT. Background and aims:
INTRODUCTION
Prospective studies concerning the question whether late life depression is associated with subsequent cognitive decline have yielded conflicting results (1) (2) (3) (4) (5) (6) (7) (8) . However, there is sufficient evidence to assume that depression is a risk factor for cognitive decline (7) . So far, the explanation for the background of this association has remained unclear.
The pathological effect of depression on cognitive function may be caused by high levels of glucocorticoids (cortisol). Secretion of glucocorticoids plays a central role in the short-term biological adaptation to stress. However, prolonged stress and prolonged exposure to hypersecretion of glucocorticoids may have adverse (neurotoxic) effects on the brain, particularly the hippocampus (9, 10) , which plays a critical role in memory function, especially in the consolidation of short-term into long-term explicit memory, but also in the encoding of new information (11) . Therefore, the severity and duration of depressive symptoms may lead to impairment of memory function.
There are two other explanations for the association between depression and cognitive decline. First, a common underlying organic pathology, for instance, in white matter and other subcortical abnormalities (12) , may cause depression as well as cognitive decline in elderly respondents. Second, depression may be considered as a psychological reaction to eroding cognitive capacities early in the course of dementia (4) .
In our former study (8) , we investigated these three hypotheses on the association between late life depression and cognitive decline, by examining whether depressive symptoms predict specific types of cognitive decline. We found that depressive symptoms were associated with a decline in speed of information processing, whereas there was no association between depression and increasing memory impairment or global mental deterioration. These results suggested that depressive symptoms are associated with motivational problems, as we see in subcortical pathology, and not with general cognitive decline or memory problems. However, as in most other prospective studies, depression was only measured twice, with a long interval between measurements (3 years). As depression often shows a variable course in time, exposure to depression may not have been accurately assessed for reliable measures of the severity and duration of depressive symptoms. Therefore, in the present study, depression symptoms were recorded at eight successive waves over a period of three years. At this moment, our study lacks measures of cortisol and brain imaging techniques, so that we were only able to evaluate the indirect effect of depression on cognitive performance.
The central research question in the present study is whether exposure to depressive symptoms is associated with decline in memory performance, greater than the general effect of aging. Furthermore, in order to replicate our former findings with these more detailed measures on depression, we also examined whether depression leads to a decline in information processing speed or global cognitive functioning.
METHODS

Sample
Data were derived from the Longitudinal Aging Study Amsterdam (LASA). LASA is a community-based study among persons aged 55 to 85 years in the Netherlands (13) . A random sample, stratified for age and sex, was drawn from the population registries of 11 municipalities. This sample was first recruited for the NESTOR study on Living Arrangements and Social Networks of older adults (LSN), which had a response rate of 62.3% (N=3805) (14) . About 11 months after the LSN interview, respondents were approached for the first LASA cycle, which forms the baseline for the current study. In total, 3107 subjects were enrolled in the baseline LASA interview, which took place between September 1992 and September1993 (t 0 ). All 3107 participants were screened for depression using the Center for Epidemiologic Studies-Depression scale (CES-D) (15) . Due to item non-response on the CES-D, 51 subjects were lost, leaving a baseline sample of 3056 persons. All subjects scoring ≥16 on the CES-D at baseline and a similarly sized random sample of those scoring <16 were approached for the follow-up study on depression. Response was 86% (N=652: non-depressed cohort: N=325, depressed cohort: N=327); non-response was related to age (p<0.001) but not to gender (16) . Follow-up data were collected by mail questionnaires at 5-month intervals in six successive waves, covering a period of 3 years. The final wave (t 7 ) consisted of the same faceto-face interview as the baseline interview.
As most cognitive tests were only performed by persons of 62 years and older, younger respondents were excluded from analyses (N=128). In order to study the longitudinal relation between depression and cognition, we included persons who completed the cognitive tests at t 0 and t 7 (N=106). The most important reason for loss to follow-up was death (47%). Furthermore, persons were excluded when less than three follow-up measurements on depression were available (N=110), or when they had a history of stroke (N=31). The study sample consisted of 277 persons: 133 depressed and 144 non-depressed. Informed consent was obtained prior to the study, in accordance with legal requirements in the Netherlands.
Measurements
On all occasions (t 0 -t 7 ), depressive symptoms were measured by means of the Center for Epidemiologic Studies-Depression scale (CES-D, 15). This self-report scale was developed to measure depressive symptoms in the community. It consists of 20 items in which respondents are asked how often they had experienced each symptom during the previous week. Each answer is rated on a 4-point scale ranging from 0, 'rarely or never' to 3, 'mostly or always'. The total scale score ranges from zero to 60, in which higher scores indicate more depressive symptoms. A score of ≥16 is generally accepted as indicative of clinically relevant depression symptoms (17) . The scale has good psychometric properties in elderly samples. The criterion validity for major depression was very satisfactory (sensitivity 100%, specificity 88%) and the reliability was high (Cronbach's α=0.87) (18) .
Memory function was measured by means of a modified Dutch version of the Auditory Verbal Learning Test (AVLT, 19) . This test consists of 15 words, which have to be learned during three trials. After every trial, respondents are asked to recall as many words as possible. After a distraction period of 20 minutes, they are asked to name the words they had learned before, again. The total number of words respondents reproduce during the three presentations is the immediate recall score, which ranges from 0-45. The number of words reproduced after 20 minutes is the delayed recall score, ranging from 0-15. The ratio of the maximum number of words on one of the trials at immediate recall and delayed recall is called the retention score. This reflects the percentage of words which respondents still remember according to the learning phase. Higher scores on the memory variables (immediate recall, delayed recall, and retention) indicate better memory performance. On t 0 and t 7 , parallel versions of the AVLT were used in order to reduce practice effects.
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Information processing speed was measured by means of an adjusted version of the Coding Task (20) . In this task, two rows of characters are shown, each character in the upper row belonging to a character in the lower row. The test contains also two rows, one containing characters and one empty. Respondents have to complete as many character-combinations as possible by naming the corresponding character. This was done in three cycles of one minute. The result of the best (fastest) trial is included in the present study.
General cognitive functioning was measured by means of the Mini-Mental State Examination (MMSE, 21), a frequently used screening instrument for global cognitive dysfunctioning. The scale consists of 23 items and scores range from 0-30, higher scores indicating better cognitive functioning.
Change in cognitive performance between t 0 and t 7 was operationalized by means of difference scores by distracting t 7 -scores from t 0 -scores.
Covariates
Baseline sociodemographic variables included age and gender. The level of verbal intelligence was entered in the model as a covariate. Verbal intelligence is relatively insensitive to aging or mild cognitive impairment, and is therefore a more reliable measure of premorbid intelligence than level of education (8, 22) . Verbal intelligence was measured by means of the GIT vocabulary test, a subtest of a Dutch intelligence test (Groninger Intelligentie Test, GIT), (23) during the second cycle of LASA (t 7 ). In this subtest, 20 words of increasing difficulty are presented, of which respondents have to choose synonyms out of five alternatives. The total score ranges between 0-20, higher scores reflecting higher levels of verbal intelligence.
The number of chronic diseases at both baseline (t 0 ) and last measurement (t 7 ) were included as covariates. The number of chronic diseases represented general physical health, associated with both depressive symptoms and cognitive functioning. The number of chronic diseases was determined by asking respondents if they suffered from the following chronic diseases: respiratory diseases, cardiovascular diseases, arteriosclerosis, diabetes mellitus, arthritis, or malignant neoplasms, and a maximum of two other diseases. Data were cross-checked with data supplied by general practitioners (24) .
Alcohol intake was measured on the Garretsen scale (25), dichotomized into never/moderate drinking and heavy/excessive drinking. The latter was defined as drinking 4 or more glasses of alcohol during 5 or more days per week.
Statistical analysis
Exposure to depression was operationalized as the severity and duration of depressive symptoms. As a first step, for each individual with at least three follow-up measurements, linear regression was used to model the change in depressive symptom score (CES-D scores) over time (first-to fourth-order terms). On the basis of the obtained regression parameters, individual CES-D scores at seven points in time (at fixed intervals of half a year) were estimated. Baseline estimates and differences with the six subsequent estimates were the input for a cluster analysis to distinguish depression course types. Power calculations were carried out to determine if the sample size of the depression course types was sufficient to detect a clinically relevant difference of at least one standard deviation (SD) on the outcome variables, using an assumed power of 80% and a significance level of 5%.
To examine the association between depression course types and cognitive decline, linear regression analyses were carried out. Change in cognitive functioning was computed by distracting the scores of t 7 from the baseline cognitive performance. In the first model, the association between change in cognitive functioning and depression course types were adjusted for the initial level of cognitive functioning, using the non-depressed group as reference. In the second model, the covariates were added to the model: age at t 0 , sex, verbal intelligence, number of chronic diseases at t 0 and t 1 , and alcohol intake at t 0 and t 7 .
RESULTS
According to the severity and duration of depressive symptoms, the best solution of the cluster analysis was to discriminate five distinct depression course types (Fig. 1) . Cluster 1 (N=37) were persons who were not depressed at baseline, but who reported increasing depressive symptoms at follow-up (incident depression). Cluster 2 (N=17) were persons who reported high levels of depressive symptoms at baseline, but who showed a remission during follow up (remission). Cluster 3 (N=95) was not depressed at baseline and remained so through the follow-up period (non-depressed). Cluster 4 (N=103) reported mild depression throughout follow-up. This group will be referred to as chronic mild depression. Cluster 5 (N=23) reported fluctuating high levels of depressive symptoms throughout the follow-up period (chronic depression). In the cluster analysis, one cluster which consisted of only two persons with an extremely variable course of depressive symptoms, was systematically found (results not shown).
Because of the small number (N=2), this cluster is not presented and was excluded from analyses. Power calculations show that the minimum sample size required to detect a clinically relevant difference of at least one SD on the memory tests includes 11 persons for cluster 1 (incident depression), 10 persons for clusters 2 (remission) and 5 (chronic depression), and 17 for cluster 4 (chronic mild depression). As all course types contained at least 17 persons, the sample sizes were sufficient to determine significant clinical differences. Table 1 presents the characteristics of the study sample according to course type. All depression course types consisted of more women than men, whereas in the non-depressed group the percentage of both sexes was about 50%. The mean age was highest among chronic depressed persons (75 years). The mean CES-D score at baseline was lowest (7.5) for non-depressed persons, and highest (18.9) for chronic depressed persons. Table 2 presents the results of regression analyses, in which the association between depression course type and change in cognitive performance was examined. In the first model, which examines whether depression course type is associated with change in cognitive performance, a significant association was found between cluster incident depression and change in immediate recall score on the memory test. Persons who became depressed during the follow-up had better scores on immediate recall. In the other depression course types, no such associations were found. No associations were found between depression course type and decline in memory performance, nor between depression course type and decline in global cognitive functioning (MMSE). Significant associations were found between chronic mild depression and chronic de- In the second model, the covariates age, sex, level of verbal intelligence, chronic diseases at t 0 and t 7 , and alcohol use at t 0 and t 7 were added. This did not change the association between incident depression and immediate recall. The association between mild chronic depression and decline in information processing speed was no longer significant, whereas this association remained significant in chronic depression.
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DISCUSSION
In later life, both depression and cognitive decline are highly prevalent, and both have an enormous impact on well-being and daily functioning. Several prospective studies suggest that depression is a risk factor for cognitive decline (1-3, 6) . In elucidating the association between depression and cognitive decline, it has been hypothesized that exposure to depression may be etiologically linked to a decline in memory functioning. However, the results of this study did not confirm this hypothesis. Furthermore, we examined whether exposure to depression symptoms was associated with a decline in information processing speed or global cognitive functioning. The results did not show any association between depression and global cognitive decline, whereas there was an association between chronic mild depression and chronic depression, and a decline in information processing speed. As the latter is predominantly affected by white matter lesions (26), these findings suggest that both depression and cognitive decline are the consequence of the same underlying subcortical pathology (27) .
To our knowledge, this is the first study in which detailed information on the course of depression was available and used in analyses. On the base of repeated measurements within a period of three years, we distinguished five depression course types which were different with respect to severity and duration of depression symptoms: non-depressed, remission, incident depression, chronic mild depression, and chronic depression. This highly variable course of depression between baseline and the last (t 7 ) measurement emphasizes the importance of access to repeated measurements of exposure to depressive symptoms in this type of study.
The present study showed one unexpected result. Persons who became depressed during the follow-up period had significant better scores on immediate recall than the non-depressed group. The delayed recall score was, as expected, the same as in the non-depressed group. There seems to be no theoretical basis for this finding. It is most probably an artifact as, after inspecting the raw scores, this group contained some persons who had relatively low scores on immediate recall at baseline measurement which, considering the size of this subsample (N=37), influences the mean immediate recall score. This low score may be the consequence of another condition which may precede depression. Further research in this incident depression group is necessary in order to clarify this finding.
Depression and cognition
To a certain extent, the association between depression and cognition is clear. Persons who are depressed may have (reversible) cognitive deficits as a consequence of motivational and attention problems. Furthermore, those who are becoming demented may become depressed as a psychological reaction to eroding cognitive capacities early in the course of dementia (4). However, some issues still need clarification. First, depression may arise as an early reaction to perceived cognitive decline years before dementia becomes clinically apparent (7) . Support for this hy- pothesis is suggested in some studies which have investigated the association between depression and incident dementia (6, 28) or global cognitive decline (2). Second, depression and cognitive decline may be a consequence of the same underlying pathology. It has been shown in brain magnetic resonance images that elderly depressed people have more frequent and more severe white matter and other subcortical abnormalities (12) . Support for this hypothesis was obtained in our former study (8) and also in the present study. The third explanation for the association between depression and cognitive decline is that prolonged stress may have adverse (neurotoxic) effects on the brain, particularly the hippocampus, and thus on memory function. In younger patients with severe depression, former research on this hypothesis showed conflicting results. In our older population, we found no association between depression and decline in memory function.
Study limitations
Some limitations should be taken into account in the interpretation of our findings. First, selective non-response at baseline and loss to follow-up of people with severe depressive symptoms or cognitive problems is an inevitable problem in community-based research, and leads to underrepresentation of the more frail elderly. Although we tried to minimize loss to follow-up because of depression by including persons with at least three measurements, we may still have included relatively healthy persons. Second, unfortunately, at this moment our study lacks measures of cortisol and white matter pathology in the brain. Instead, we used depression symptoms as a measure of stress, and used cognitive tests which may represent specific underlying brain structures. As a consequence, we were only able to evaluate the indirect effect of depression on cognitive functioning. Further research with measures of cortisol and brain imaging techniques is necessary to examine these hypothesis more directly. Third, although we monitored depressive symptoms within three years quite well (29) , no information was available on the history of depressive symptoms before baseline measurement. Further research is needed in order to examine this issue. Fourth, no adjustments were made for the use of anti-depressants. However, former research in this study population (6, 8) showed that very few persons had been treated for their depressive symptoms and that this did not influence the results. Fifth, a study in which stress level was induced by cortisol treatment showed that memory performance was decreased only by cortisol treatment conditions resembling moderate to high stress levels, not mild stress levels (30). Perhaps, the stress level of our subjects was not high enough to have this neurotoxic effect. Lastly, the memory test showed a learning effect after three years of followup. Although a parallel version of the memory test was used at three-year follow-up, the test procedure may have been remembered by respondents. This is a well-known problem when using memory tests in a longitudinal research design. However, persons with memory problems do not show this learning effect or, if they do show it, it is to a lesser extent. Nevertheless, our finding that depression is not associated with decline in memory performance may be attributable to this learning effect.
CONCLUSIONS
The results of the present study suggest that depression is not etiologically linked to decline in memory function in older persons. Furthermore, we found no evidence that depression is associated with global cognitive deterioration. Again, we found that chronic depression is associated with a decline in speed of information processing, supporting the hypothesis that both chronic depression and cognitive decline are the consequence of the same underlying subcortical pathology. Research with brain imaging techniques is recommended in further examining this hypothesis.
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